Introduction {#S0001}
============

The population of older adults is constantly growing, both in Europe and all over the world. The most common medical problems faced by older people are reduced functional capability and morbidities. Since the early twenty-first century, international geriatric studies describe the frailty syndrome.[@CIT0001],[@CIT0002]

Statistically, 9.5% of older adults residing in the United States of North America have been diagnosed with frailty syndrome. Research results have shown that frailty occurs in 7% of older adults aged 65+ and in 30% aged 80+. The incidence of frailty in European society is between 5.8% and 27.3%, whereas the pre-frail condition occurs in 34.6% to 50.9% of the older adults population.[@CIT0003] In the Longitudinal Aging Study Amsterdam, the Dutch researchers found frailty syndrome in 19% of participants aged 65 years and older. In a Spanish study, frailty syndrome was diagnosed in 20% of people over 70 years of age.[@CIT0004]

Fried et al, pioneers in studying frailty syndrome, define it as "a biologic syndrome of decreased reserve and resistance to stressors, resulting from cumulative declines across multiple physiologic systems, and causing vulnerability to adverse outcomes."[@CIT0005] According to Fried et al symptoms that help recognize frailty syndrome are undesired loss in body mass, reduced muscle strength, exhaustion, slowness and low physical activity.[@CIT0005] Frailty syndrome can be confirmed if at least three of the above-mentioned five criteria occur. The occurrence of one or two factors indicates the pre-frail status. Geriatricians and other medical care professionals apply the criteria of evaluation of the risk of frailty syndrome; however, currently, there is no consensus regarding the definition of this syndrome.[@CIT0005]

There are several instruments to screen the risk of frailty syndrome. The assessments include physical criteria, neurological assessment, psychological symptoms and laboratory test outcomes.[@CIT0006] Well-known instruments to identify frailty are based on the phenotypic model by Fried et al or the deficit accumulation model. The second model, also known as the frailty index (FI), is calculated as the coefficient/product/relationship of the number of deficits the person represents divided by the sum of deficits taken into consideration in the calculations.[@CIT0005],[@CIT0007],[@CIT0008] An example of such an instrument is the Frailty Instrument of the Survey of Health, Ageing and Retirement in Europe (SHARE-FI).[@CIT0003]

Studies on the frailty syndrome show that some older adults have a good level of functional reserves and psychosocial support. No frailty phenotype is found in this group. The other group is patients with a low level of physiological reserves and poor psychosocial support. In this group, the risk of frailty is very high. Frailty can also occur in the former group because of a serious depression episode. According to gerontologists, frailty syndrome is marked by reduced immunity to stressors, resulting in the exhaustion of functional reserves of the organism that leads to frailty. Frailty syndrome has three stages: the early stage of diagnosis, the intermediate stage characterized by some limitations and the late stage with serious limitations in function.[@CIT0001],[@CIT0005],[@CIT0009],[@CIT0010]

The causes of frailty syndrome are not fully known. As the person advances in age, their physiological reserves decline. There are many risk factors of the frailty syndrome. Well-known risk factors such as high age and sex (women), several social and behavioral factors (lower education, lower marital status, living arrangements, bad life style, smoking status and alcohol use) are significantly associated with frailty.[@CIT0011],[@CIT0012]

Some disorders in the musculoskeletal system and reduction in muscle mass and strength lead to sarcopenia. Obesity is one of the risk factors because physical ability is then reduced through the deposition of adipose tissue in muscles. As frailty syndrome advances, functional capability and independence decrease; multiple morbidities intensify; and the risk of falls, institutionalization and premature death increases.[@CIT0013]

The need for dietary changes and physical activity is often highlighted in the prevention of frailty syndrome. Resistance exercises are especially important, as they can prevent the development of sarcopenia and improve physical capability. Studies of the older population confirm that increased physical activity improves muscular strength and balance, and the risk of falls decreases. The proper diet can largely prevent frailty. Early diagnosis of comorbidities ensures better opportunities for preventing the consequences of frailty syndrome.[@CIT0013]

Several studies have shown a potential association between nutrition and frailty. Low energy and protein intake and low level of serum nutrients are positively associated with frailty.[@CIT0014],[@CIT0015] Malnutrition (both undernutrition and obesity) plays an important role in the pathogenesis of frailty and sarcopenia.[@CIT0016]

The main aim of this study was to assess the frailty syndrome in relation to the nutritional status of older adults.

We formulated the following questions to be answered by our research: What is the nutritional status of patients on the basis of the Mini Nutritional Assessment (MNA)?What is the frailty status of patients according to SHARE-FI?What sociodemographic factors have an influence on the frailty and nutritional assessment in the study group?Is there a correlation between the frailty and nutritional status?

Material and methods {#S0002}
====================

This cross-sectional prospective study was conducted between January 2017 and May 2017 including relevant anthropometric measurements and muscle strength measurement using a dynamometer. The study comprises a short interview to gather social and demographic data. The study group comprised 120 patients of a Geriatrics Clinic in Bydgoszcz, Poland. The data were collected by an educational nurse. All the participants had been informed of the purpose of the study and the potential risk before signing the consent, approved by the Bio-Ethical Committee at the Nicolaus Copernicus University, Collegium Medicum in Bydgoszcz. This study was conducted in accordance with the Declaration of Helsinki.

The inclusion criteria were: age of 60 and over and signing a written consent to participate in the study. The exclusion criteria were: severe or moderate dementia, depression, weakening muscular strength caused by limb paresis or rheumatoid diseases and the lack of consent. Examination was voluntary. The sample selection was random.

The frailty syndrome was measured using a Polish version of the SHARE-FI, including the measurement of upper limbs' muscle strength using a manual hydraulic dynamometer SAEHAN. The SHARE-FI instrument classified a subject as frail, pre-frail or robust. According to the SHARE-FI results, patients were classified as frail if their score was more than 3 for men and more than 2.13 for women; pre-frail, if the score was between 1.21 and 3 for men and between 0.32 and 2.13 for women; not frail, if the score was \<1.21 for men and \<0.32 for women.[@CIT0017] The SHARE-FI was operationalized on the basis of Fried's frailty phenotype.[@CIT0003],[@CIT0018] The SHARE-FI was also adapted into Polish and a relevant electronic calculator was created. The results of this study showed that the Polish version of SHARE-FI has high internal consistency and reliability coefficients and can be recommended for screening among 60+ older adults in primary care and hospital settings. In the study, Cronbach's alpha coefficient was 0.79.[@CIT0019]

The scale consists of five questions regarding exhaustion, loss of appetite, weakness, walking difficulties and low physical activity.

The nutritional status was assessed using the MNA, which measures the risk of malnutrition in older adults and is a combination of a physical examination and dietary survey. The full version of this questionnaire includes elements of a dietary survey and questions concerning the health status, ie, the number/amount and quality of meals and liquids one has a day, mobility, pressure sores or ulcers, neuropsychological problems, the loss of body mass and intensive stress or an acute disease within the last 3 months. MNA also includes self-evaluation of nutrition and health status. The MNA is complemented by somatometric evaluation (the measurement of patients' height and body weight, body mass index (BMI), as well as calf and arm circumference). The test helps identify three groups of patients. Nutritional status is assessed as good if the person scores 24 points or more. Scores between 17 and 23.5 points suggest the threat of malnutrition, and the score \<17 points reflects malnutrition.[@CIT0020]

Statistical analysis {#S0003}
====================

We described the characteristics of the participants using descriptive statistics. The means, along with the SDs, were calculated. We used the *χ*^2^ test to assess the association between two variables and the Cramer's V coefficient to determine the strength of this association. Student\'s *t* test was used to calculate the confidence level for the mean. For statistical analyses, we used the Statistica 12.0 program. *p*-values lower than 0.05 were considered as statistically significant.

Results {#S0004}
=======

The mean age of the participants was 71 years (SD=9.03). The characteristics of the study group are presented in [Table 1](#T0001){ref-type="table"}.Table 1Characteristics of participants (n=120)CategoryMean/SDn%Age71/9.03Male68.8/8.1Female73/9.3SexMale5646.7Female6453.3Marital statusMarried7562.5Widow/widower/single4537.5Family compositionLiving alone3125.8Living with family8974.2Education1--8 years2117.59--12 years6856.712+ years3125.8Financial statusVery good32.5Good5344.2Average6050.0Bad43.3Place of livingUrban residents10184.2Rural residents1915.8Number of diseases1--23730.83 or more8369.2ICD-10 diagnostic categoryDiseases of the circulatory system58.0Diseases of the respiratory system28.5Diseases of the musculoskeletal system and connective tissue26.7Endocrine, nutritional and metabolic disease24.9Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified10.9Number of medicines1--58066.66 or more4033.4Duration of illness1--15 years8570.8Over 15 years3529.2Use of glasses (yes)8167.5Use of hearing aid (yes)54.1Use of locomotion aid (yes)1815.0

More than half of the participants (64.2%) had a normal nutritional state but 34.9% suffered from malnutrition or were at risk of malnutrition. There was a statistically significant difference between male and female in terms of MNA scores (*p*=0.026). Mean MNA scores in particular age groups did not display any statistical differences and were 24.4 points on average. The risk of malnutrition and malnutrition was higher among rural than urban residents (*p*=0.046). A statistically significant difference in MNA score was observed in terms of financial standing (*p*=0.016). A higher mean (25.2 points) was observed in the group with good financial standing than in the group with average financial standing (23.7 points). No statistically significant correlation was found between the level of education, marital status, duration of illness, number of diseases, number of medicines and MNA scores. The main categories of nutritional assessment are presented in [Table 2](#T0002){ref-type="table"}.Table 2Nutritional assessment according to MNA -- the main categoriesCategoryMean/SDn%Mini Nutritional Assessment24.4/3.4Male\*25.2/3.2Female\*23.7/3.5\<1754.217--23.53831.7≥247764.2Body Mass Index28.2/5.1Male28.0/4.3Female28.4/5.8Mid-rm circumference (MAC) in cmn%MAC \<2197.5MAC 21 to 2221.7MAC \>2210990.8Calf circumference (CC) in cmCC \<312117.5CC 31 or greater9982.5Financial statusGood \*\*25.2/2.7Average\*\*23.7/3.8[^1]

The SHARE-FI qualified 48 persons (40.0%) as non-frail, 40 persons (33.3%), were qualified as frail and 32 persons (26.7%) as pre-frail. The participants' age was not statistically significantly correlated with the categories of the frailty syndrome. The SHARE-FI contains a measurement of the grip strength. A higher mean result was noted in the group of male (*p*\<0.001) than female. The results are presented in [Table 3](#T0003){ref-type="table"}.Table 3Frailty assessment according to Frailty Instrument of the Survey of Health, Ageing and Retirement in Europe (SHARE-FI)SHARE-FIn%Non-frail4840Pre-frail3226.7Frail4033.3Total120100ExhaustionYes4033.3No8066.6Loss of appetiteDiminution in desire for food and/or eating less than usual2924.2No change in desire for food and/or eating the same as usual8167.5Increase in desire for food and/or eating more than usual108.3Walking difficultiesWalking 100 m: yes8671.7Walking 100 m: no3428.3Climbing one flight of stairs without restingYes7562.5No4537.5Low physical activityHardly ever or never2016.7One to three times a month97.5Once a week8268.3More than once a week97.5WeaknessMeanSDMaximum grip strength in kilogramsI attempt right handMen33.219.3Women18.06.1Total25.110.8II attempt right handMen\*35.239.3Women\*18.666.2Total26.3911.3II attempt left handMen\*33.1810.8Women\*16.925.4Total24.5111.7II attempt left handMen\*34.0210.8Women\*17.695.2Total25.3111.6[^2]

No statistically significant correlation was found between age, level of education, marital status, place of living, duration of illness, number of diseases, number of medicines and SHARE-FI scores. A statistically significant difference in SHARE-FI score was observed in terms of financial standing (*p*=0.036) and gender (*p*\<0.025). Good financial standing is associated with non-frail status of patients. SHARE-FI score and MNA results according to gender are presented in [Table 4](#T0004){ref-type="table"}.Table 4SHARE-FI score and MNA results according to genderGenderMaleFemaleSHARE-FIn%n%Non-frail\*3053.61828.1Pre-frail\*1425.01828.1Frail\*1221.42843.8MNAn%n%\<17\*\*23.634.717--23.5\*\*1221.42640.6≥24\*\*4375.03454.7Total56100.064100.0[^3][^4]

There was, however, a statistically significant difference between the groups of MNA scores and the frailty syndrome (*p*\<0.01). Malnutrition was correlated with frailty. The results are shown in [Table 5](#T0005){ref-type="table"}.Table 5Correlation between SHARE-FI score and MNA resultsMNA results\<17p17--23.5≥24SHARE-FIn%n%n%Non-frail\*120.0821.13950.6Pre-frail\*00.01026.32228.6Frail\*480.02052.61620.8Total5100.038100.077100.0[^5][^6]

The highest number of patients, 82 persons (68.3%), declared doing some physical activity once a week.

Discussion {#S0005}
==========

Frailty syndrome as a geriatric problem is connected with a high likelihood of reduced functional capability, occurrence of falls, disability, morbidity and higher mortality.[@CIT0021] The costs of care and hospitalization are increasing. The results of frailty also reduce the level of independence, quality of life and mental well-being of the older adults.[@CIT0022] Caregivers, families, general and geriatric health care and social welfare are involved in the care of frail older adults. This problem has already been recognized in many countries, and some solutions have been proposed to improve diagnostics as well as preventive and therapeutic measures.[@CIT0023]

The aim of our study was to assess the frailty syndrome in relation to nutritional status of older adults. The study was carried out among 120 people aged 60 years and over. The results of the study showed that in the group of older adults, 40 hospitalized persons (33.3%) met the criteria of diagnosing frailty syndrome according to the SHARE-FI and 32 persons (26.7%) were diagnosed as pre-frail. A statistically significant difference was found between women and men in terms of the categories of the frailty syndrome scale. In the study sample, more women than men met the criteria but participants' age was not statistically significant. However, in the group of very advanced age, there were more individuals with the frailty syndrome than in relatively younger groups. A study by Lubińska et al showed that most people qualified as frail were older adults, more often women, from poorer circles and with lower education levels.[@CIT0024] Frailty syndrome is a serious problem in geriatrics, which requires further research concerning its diagnostics and the possibility of primary and secondary prevention.

In our study using the MNA more than half of the participants have a normal nutritional status, but over one-third obtained scores indicated malnutrition or the risk of malnutrition: 43.9%. The mean MNA score was 24.4 points. A higher mean of MNA scores was observed in the group of men than in the group of women. No differences were found in the MNA score depending on the participants' age, but the risk of malnutrition and malnutrition were significantly higher in rural than urban residents. Financial situation also affected the MNA rate, which was higher in the group with good financial standing. The mean outcomes of measurements of arm and calf circumference were within the norm.

In our study, a statistically significant difference was found between the groups of MNA scores and the frailty syndrome (*p*\<0.01), with malnutrition correlated with frailty. Chang also reported a high significance of frailty syndrome for the high risk of malnutrition in community-dwelling older people.[@CIT0025] In another study, the same author found that pre-frailty and body mass index were independently correlated with the nutritional status of the participants.[@CIT0026] According to Valentini et al research, about 38% of the study was frail, with the prevalence of frailty being greater among hospitalized older patients and among frail subjects, 65% were at risk of malnutrition and 10% were malnourished.[@CIT0027]

According to other authors, the prevalence of frailty was highest among people who were obese (20.8%), overweight (18.4%), normal weight (16.1%) and lowest among people who were underweight (13.8%).[@CIT0028] Malnutrition causes the development of many life-threatening complications. In chronically ill patients, malnutrition leads to prolonged treatment, and it may cause many complications and has an influence on prognosis. Malnutrition in older adults also leads to the worsening of peristalsis and to impaired absorption and digestion. Malnourished patients often suffer from hypovitaminosis. The state of deficiency of basic nutrients leads to the atrophy of respiratory muscles. Ventilation function of such patients worsens, often leading to pneumonia, which is especially dangerous. Improper nutrition of geriatric patients is a factor that increases morbidity and mortality, and depression is another common problem among older adults. Clinical studies show that even 30% malnutrition cases are connected with depression.[@CIT0029],[@CIT0030] Malnutrition plays an important role in the pathogenesis of frailty syndrome and sarcopenia, leads to age-related loss of muscle mass and reduces physical activity.[@CIT0016]

Our research shows a statistically significant difference between men and women with regard to the nutritional state. In men, the mean MNA score was higher than in women. There was also a statistically significant difference between financial standing groups. Higher MNA scores were found in the group with good financial standing. People with a good financial situation have more opportunities to buy good food products.

Studies of other authors also pay attention to the relation between gender and financial status and the MNA score. According to Mirczak, both sex and poor financial status are factors that promote malnutrition in older adults (*p*\<0.05).[@CIT0031] Our study confirmed these outcomes.

An important diagnostic criterion of frailty is the measurement of the grip muscle strength, in this study measured with a dynamometer. The mean grip strength in the right parent hand in the first and second attempts was 25.1 kg/ 26.39 kg for the study group. The results of the second attempt were on average higher than in the first one. In our study, we observed greater weakness of muscle strength in women than in men, but the general outcome in the study group was good. Muscle weakness is defined as low when the grip strength is lower than 26 kg for men and lower than 16 kg for women.[@CIT0032] In the study of other authors, the criterion of weakness measured with the grip strength was met by 70% of the participants. Muscular strength weakness was positively correlated with the results of Instrumental Activity of Daily Living (IADL), Mini-Mental State Examination (MMSE), Barthel Index, Geriatric Depression Scale (GDS), the level of C-reactive protein and the Visual Analog Scale score.[@CIT0032] Other authors emphasize the relation between muscle weakness in older patients and increased direct financial expenditure on the provision of care. In this case, muscular weakness had a significant influence on direct costs of care, especially for women.[@CIT0033]

Physical activity of the participants was quite low, as most of them declared doing some activity once a week (68.3%) or no activity at all (16.7%), and only 7.5% reported they exercised regularly. In a longitudinal observation study of older patients admitted to home care programs at the Italian Silver Network Home Care project in Italy, 20% of participants were physically active for 2 hrs a week or more. The obtained results confirm the significance of physical activity in reducing the risk of death for any reason. Research results confirm that moderate physical activity has an independent influence on survival, even in frail and older people.[@CIT0034]

The present study confirms the hypothesis that frailty syndrome is correlated to the status of nutrition, with malnutrition correlated with frailty. The participants' age, education and place of residence were not statistically significantly correlated with the results of frailty categories for the whole sample. Gender and financial standing was statistically significantly correlated with the results of frailty categories and MNA results. In the group of people with medium financial standing, the highest number of people was in the frail category, whereas in the group with good financial standing, the highest number was in the non-frail category. In the prevention of frailty syndrome, it would be important to increase physical activity among older adults. Another important thing would be to focus on the quality of nutrition of older adults to improve individual parameters and the general outcome of the MNA scale. It would be important to help raise older adults\' awareness of the consequences of malnutrition. It would also be necessary to focus on the group of women, who display a higher risk of malnutrition and higher risk of frailty syndrome.

Limitations {#S0006}
===========

The limitation of our study may be to perform it in one place, in the hospital. However, the structure of the study group was representative for patients admitted to the clinic for various reasons. Study of the nutritional status and the frailty should be standard for comprehensive geriatrics assessment. Whereas, the examination of the relationship between nutrition and frailty is essential for planning wider assessment, treatment and care. Our study is just an introduction to further research in this regard. We are aware that it must be continued and widened, so further stages of research are planned, with the inclusion of biochemical tests and exploration of the importance of genetic tests in search of a molecular basis for the frailty syndrome among older adults.

Conclusions {#S0007}
===========

A significant difference was found between the groups of MNA scores and the frailty syndrome, with malnutrition correlated with frailty. The frailty syndrome occurred in one-third of the participants and gender was statistically significantly correlated. In addition, there was a statistically significant difference between women and men in terms of MNA scores. In the group of men, the mean MNA score was higher than in the group of women. Malnutrition was higher among rural than urban residents and in the group with poorer financial standing.
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[^1]: **Notes:** \* *p*=0.026; \*\* *p*=0.016.

[^2]: **Note:** \**p*\<0.001.

[^3]: **Notes:** \**p*\<0.025 Cramer coefficient 0.28; \*\* *p*=0.026 Cramer coefficient 0.21.

[^4]: **Abbreviations:** SHARE-FI, Frailty Instrument of the Survey of Health, Ageing and Retirement in Europe; MNA, Mini Nutritional Assessment.

[^5]: **Note:** \**p*\<0.01 Cramer coefficient 0.37.

[^6]: **Abbreviations:** SHARE-FI, Frailty Instrument of the Survey of Health, Ageing and Retirement in Europe; MNA, Mini Nutritional Assessment.
